Abstract. The paper investigates the autoresonance parametric method of excitation of a magnetization breather in a uniaxial ferromagnet by an external alternating magnetic field. The breather excitation threshold has been determined, as well as its dependence on the material quality factor.
Introduction
When researching new magnetic materials and the processes taking place therein, the topics that attract investigation include dynamic magnetization reversal, generation of structurally homogeneous and inhomogeneous dynamic conditions under the influence of a high-frequency field [1, 2] . Nonlinear dynamics of magnetization in magnetic films [2] in alternating fields of considerable amplitude can be investigated by numerical simulations. At great amplitudes, however, instabilities may arise in magnetization fluctuations [1] . The studying of controlled dynamic regimes which allow attaining considerable values of magnetization precession angles by the fields of fairly small amplitudes is of special interest. In an alternating magnetic field which is parallel to magnetization, in the parametric autoresonance mode, the effects may arise that are connected with an increase in time of the amplitude of the oscillating solution of the perturbed sine-Gordon equation from a small value to the values of the order of unity [3, 4] .
The paper investigates the autoresonance parametric excitation of the magnetic breather in a uniaxial ferromagnet by variable-frequency and small-amplitude fields. It is also assumed that dissipation is weak, and frequency is a slow function of time.
Breather Excitation in Uniaxial Ferromagnets
We will consider a uniaxial ferromagnet. In the coordinate system with the z axis directed along the easy axis, the energy density of the magnetic two-dimensional inhomogeneity parallel to the plane (xz) can be written as ( )
where Ã is the parameter of inhomogeneous exchange interaction;
is the unit vector of
is the uniaxial anisotropy constant; and H is the external magnetic field parallel to easy axis.
The investigation of the parametric autoresonance excitation of magnetization by external alternating magnetic fields will be performed based on the Landau-Lifshitz equations:
where γ is the gyromagnetic ratio, and 1 λ is the damping parameter.
The external magnetic field will be presented as the resonance field 0 h and the alternating field with the amplitude 1 h 
where
, Q is the material quality factor.
Without a field and damping
is the system eigen frequency. In the homogeneous state 1 max = Ω and a frequency is equal to the ferromagnetic resonance frequency.
We will then introduce new variables ) ( ) (
. The solution of the unperturbed Landau-Lifshitz equations will then be ( ) ( )
When the field and damping are present and assuming that the parameters Ω and Φ are unknown functions of time, a system of equations for Ω and Φ can be obtained.
As has been shown in [4] , with the initial amplitude smaller than some certain value, in the case of a dc magnetic field We will now analyze the system of equations given the varying pumping frequency ) 0 ( , ≠ µ µτ − ω′
. Here, at small 1 , h µ approximated solutions with considerable amplitude change can be found. The time evolution of the squared amplitude ) ( 2 τ A is determined from the resonance condition
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This relation is interpreted as a capture of the system into parametric resonance [3, 4] . The algebraic equation (3) We assume that 
An analysis of the system of equations (5) at ∞ → τ′ exist when the pumping field amplitude 1 h is greater than some critical value
In the uniaxial ferromagnet under discussion, the amplitude of the critical field is greatly affected by the quality factor of the material. In the extreme cases of high and low quality factors, the amplitude of the critical pumping field in dimensional variables is equal to
The results of the numerical experiment of the system (5) are presented in Fig. 1 , while the evolution of the growing breather is shown in Fig. 2 . Curve 3 in Fig. 1 reflects the decreasingamplitude solution of the main resonance equations since a resonance decrease of the breather amplitude takes place as the parameter µ increases.
Hence, autoresonance parametric excitation of the magnetic breather in a ferromagnet is possible in an ac external magnetic field. In the case of a considerable quality factor of the material, for the amplitude to grow the alternating magnetic field should have larger amplitude than in the case of a Solid State Phenomena Vols. 168-169small quality factor. It should be stated that autoresonance parametric excitation of the breather turns out to be also possible at the unchanged pumping frequency ( 0 = µ ) which is equal to the double frequency of linear ferromagnetic resonance. The phase capture takes place as the breather eigen frequency is adjusted through a slow change (growth, 0 1 ≠ µ ) in time of the magnitude of the field 0 H parallel to magnetization. Unlike the case of the alternating pumping frequency, the increase of the breather amplitude to greater values in the latter model cannot be investigated due to the condition 1 | ) ( | 0 << t h , i.e. because of adiabatic approximation applicability. 
